Abstract. Acute coronary syndrome (ACS) typically occurs when coronary artery disease results in the obstruction of the coronary arteries. Tenascin-C (TNC) and OX40 ligand (OX40L) were shown to be involved in the pathogenesis of atherosclerosis. In this study, 50 healthy controls and 170 patients, including 50 patients with stable angina (SA), 70 with unstable angina and 50 with acute myocardial infarction, were evaluated to assess serum TNC and plasma OX40L levels. The serum TNC levels were measured by a quantitative automated particle-enhanced immunonephelometric assay. ELISA was used to determine the expression levels of OX40L. All the coronary stenoses with a ≥30% diameter reduction were assessed by angiographic coronary stenosis morphology. The patients with ACS exhibited a significant increase in TNC expression levels (39.39±19.80 ng/ml) compared to the levels in the control and SA groups (28.65±12.32 ng̸ml, P<0.01 and 31.22±18.92 ng/ml, P<0.05, respectively). The levels of OX40L were also found to be higher in patients with ACS (38.59±15.76 ng̸ml) compared to those in the control and SA groups (19.42±11.19 ng̸ml, P<0.001 and 21.52±10.30 ng/ml, P<0.001, respectively). The TNC and OX40L levels were positively correlated with each other (r 1 =0.68; P<0.001) and with fibrinogen levels (r 3 =0.76 and r 4 =0.45, respectively; P<0.001). A positive correlation was also observed between the expression of TNC and OX40L and complex coronary stenosis (r 5 =0.69 and r 6 =0.55, respectively; P<0.001). We concluded that TNC and OX40L may act synergistically in coronary plaque formation and may be also be involved in the pathogenesis of coronary lesions. Patients with ACS exhibited increased TNC and OX40L expression levels, which may have created a prothrombotic milieu, aggravating the development of atherosclerosis and the instability of atherosclerotic plaques. Therefore, the expression of TNC and OX40L may be a valuable marker for predicting the severity of ACS.
Introduction
Acute coronary syndrome (ACS) typically occurs when coronary artery disease (CAD) results in the obstruction of coronary arteries. This may lead to myocardial infarction (MI), heart failure (HF), arrhythmias, cardiac arrest and death (1, 2) . The current clinical practice includes rapid patient evaluation and risk stratification based on clinical and electrocardiographic characteristics, as well as the assessment of biochemical markers (3) . Cardiovascular diseases, such as MI, hypertension, hypertrophy or HF, are accompanied by changes in the composition of the cardiac extracellular matrix (ECM). These dynamic alterations may determine the mechanical properties of the damaged heart and directly modulate the inflammatory and reparative response (4) .
Tenascin-C (TNC) is a multifunctional hexameric glycoprotein that is a major component of the ECM. It is synthesized by interstitial fibroblasts and its levels are increased in inflammatory diseases. Upon tissue damage, TNC has a multitude of functions that mediate inflammatory and fibrotic processes, in order to enable effective tissue repair. Over the last decade, accumulating evidence indicated a vital role for TNC in cardiac and arterial injury, tumor angiogenesis and metastasis, as well as in the modulation of stem cell behavior (5) . Previous in vitro studies demonstrated that a range of factors implicated in cardiovascular disease appear to be able to stimulate TNC synthesis by fibroblasts (6, 7) .
OX40, also referred to as CD134 or TNFRSF4, is a member of the tumor necrosis factor (TNF) co-stimulatory receptor family and is expressed on activated T cells. OX40 is specifically upregulated by the human T-lymphotropic virus type I (HTLV-1) viral transactivator, Tax. The ligand of OX40 (OX40L), which belongs to the TNF superfamily, was first identified as glycoprotein 34 on HTLV-1-transformed cells and was found to bind OX40. OX40-OX40L interactions may affect the activity and differentiation of several types of immune cells (8) . It was recently demonstrated that genetic variants in the OX40L locus are associated with MI and the severity of CAD in humans. OX40-OX40L pairs were shown to be involved in ACS (9) .
Willett et al (10) demonstrated that the enforced trimerization of feline CD134L (OX40L) via the introduction of a subdomain of the TNC oligomerization domain, was able to restore full ligand-binding activity. The resulting fusion Clinical implications of tenascin-C and OX40 ligand in patients with acute coronary syndrome protein was proven to be as effective as the anti-CD134 monoclonal antibody in detecting CD134 expression and displayed a strain-specific blocking of viral entry. Therefore, we surmised that the interaction of TNC and OX40L is important in atherosclerosis. In the present study, we investigated the expression of serum TNC and OX40L and assessed the correlation between their expression and the number of complex lesions in the patients. In addition, the statistical correlation between TNC and OX40L or fibrinogen was evaluated. (Table I ). All the patients provided written informed consent prior to their inclusion in the study. This study was approved by the ethics committee of the Affiliated Hospital of Jiangnan University.
Patients and methods

Subjects
Blood sampling protocol. Peripheral venous blood samples were drawn into blood collection tubes using a suction catheter (BD Vacutainer, Franklin Lakes, NJ, USA). The blood to be used for the assessment of serum TNC levels was collected in tubes containing coagulant and sent to the clinical laboratory. The blood to be used for the assessment of plasma OX40L levels was collected in tubes containing Na 2 -EDTA at a final concentration of 0.1% and immediately centrifuged at 1,000 x g for 10 min at 4˚C. The supernatant was stored at -80˚C until analysis. The samples were thawed only once. The serum TNC levels were measured by a quantitative automated particle-enhanced immunonephelometric assay (Boehringer Mannheim, Mannheim, Germany). The plasma levels of OX40L were determined using a rat anti-human-OX40L ELISA kit (Assay Designs, Inc., Ann Arbor, MI, USA) according to the manufacturer's instructions. Additional laboratory measurements were performed using standard methods. Fibrinogen was measured using the clotting method (11).
Coronary angiography. Coronary angiography was performed using a femoral approach with 6-Fr diagnostic catheters (Cordis Corp., FL, USA). Images were recorded in multiple projections for the right and left coronary arteries. All the coronary stenoses with a ≥30% diameter reduction were assessed by two experienced cardiologists who were blinded to the levels of TNC and OX40L, as well as to the identity and clinical characteristics of the patients. Complex lesions were defined by the following characteristics: i) irregular morphology, or scalloped borders, or both; ii) overhanging or abrupt edges perpendicular to the vessel wall; iii) ulceration; and/or iv) the presence of filling defects consistent with intracoronary thrombus. The Gensini's scoring system (12) was used to quantitatively assess the degree of stenosis for each coronary vascular lesion.
Statistical analysis. All the numerical data are expressed as means ± standard deviation. Statistical evaluation was performed with GraphPad software (Prism 5.0) and SPSS software, version 11.7 (SPSS, Inc., Chicago, IL, USA). The correlation was evaluated using a regression analysis. The Spearman's two-way test was used to assess the correlation between two quantitative variables with non-normal distribution. The Pearson's two-way test was used to assess the correlation between two quantitative variables with normal distributions. P<0.05 was considered to indicate a statistically significant difference.
Results
Subject characteristics. The demographic and clinical characteristics of the study participants are presented in Table I . The study included 170 patients with angiographically documented CAD. A total of 120 patients constituted the ACS group (70 patients with UA, without evidence of myocardial necrosis, and 50 with recent MI) and 50 patients constituted the SA group. The healthy control group comprised 50 subjects. The patients with CAD were significantly older compared to the controls (P<0.01). The levels of total cholesterol, high-density lipoprotein (HDL), cholesterol and lipoprotein (a) were significantly different between the CAD and the control groups (P<0.001). The use of medications (calcium antagonists, nitroglycerine, angiotensin-converting enzyme inhibitors, β-blockers, 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors or aspirin) was significantly higher in the ACS and SA groups compared to that in the control group (P<0.001 for all the medications).
Serum TNC and plasma OX40L levels. As shown in Table II , the TNC levels in the serum samples obtained from patients with ACS were significantly higher (39.39±19.80 ng̸ml) compared to those obtained from patients in the control and SA groups (28.65±12.32 ng̸ml, P<0.01 and 31.22±18.92 ng̸ml, P<0.05, respectively). The OX40L levels were also significantly higher in the plasma samples obtained from patients with ACS (38.59±15.76 ng̸ml) compared to those obtained from patients in the the control and SA groups (19.42±11.19 ng̸ml and 21.52±10.30 ng̸ml, respectively; P<0.001 for both differences).
Correlation between TNC and OX40L expression. The seum levels of TNC in patients with ACS exhibited a positive correlation with the plasma levels of OX40L (r 1 =0.68; P<0.001; Fig. 1A ). However, in the SA group, such a correlation was not observed (r 2 =0.19; P<0.001; Fig. 1B) .
Correlation of TNC and OX40L with fibrinogen and coronary artery stenosis.
In patients with ACS, the levels of TNC and OX40L were significantly correlated with the levels of fibrinogen (r 3 =0.76 and r 4 =0.45, respectively, P<0.001) ( Fig. 2A and B) . There was a significant correlation between the number of complex lesions and the TNC (r 5 =0.69; P<0.001; Fig. 2C ) and OX40L levels (r 6 =0.55; P<0.001; Fig. 2D ).
Discussion
To the best of our knowledge, this study was the first to assess the correlation between serum TNC and plasma OX40L levels and angiographically demonstrated complex stenosis in patients with ACS. The results of this study demonstrated that the TNC and OX40L levels were increased as clinical severity increased from SA to ACS. We also observed that there was a positive correlation between TNC and OX40L expression and the number of complex lesions in patients with ACS.
Atherosclerosis is a multifactorial disease, in which inflammatory processes play an important role. Inflammation underlies lesion evolution at all stages, from plaque establishment to rupture and thrombosis (13) (14) (15) . ACSs (UA, AMI and ischemic sudden death) may result from the disruption of atherosclerotic plaques, leading to coronary thrombosis. The Table I . Statistical comparison of demographic and clinical characteristics of patients with CAD vs. those of healthy controls. Data are expressed as means ± standard deviation unless otherwise specified. CAD, coronary artery disease; SA, stable angina; UA, unstable angina; AMI, acute myocardial infarction; NS, no statistically significant differences between groups (P>0.05); HDL, high-density lipoprotein; ACEI, angiotensin-converting-enzyme inhibitor; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme. Table II . Statistical comparison between patients with ACS or SA and healthy controls regarding serum TNC, OX40L and fibrinogen concentrations. Data are expressed as means ± standard deviation unless otherwise specified. ACS, acute coronary syndrome; SA, stable angina; TNC, tenascin-C; OX40L, OX40 ligand; UA, unstable angina; AMI, acute myocardial infarction.
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potential cellular mechanisms involved in plaque disruption are also complex (16) . We hypothesized that the levels of TNC and OX40L in patients with ACS reflect the activity of endothelial cells in coronary plaques, which may result in higher levels of adhesion molecules, proinflammatory cytokines and monocyte chemotactic proteins in the circulation during plaque rupture. Circulating plasma OX40L may pass through the damaged atherosclerotic endothelium and come into direct contact with the cells inside the lesion, increasing the inflammation of the coronary plaque. TNC is involved in the physiological as well as the pathological remodelling of blood vessels. TNC is expressed in the heart in the early embryo, where it contributes to the development of the myocardium, valves and coronary vessels (6) . In cardiovascular pathology, TNC is involved in post-MI remodelling, neointimal hyperplasia and restenosis following percutaneous transluminal coronary angioplasty and bypass grafting, as well as pulmonary vascular disease and hypertension (17) . Under normal conditions, only low levels of TNC are found in adult tissue. However, higher levels of TNC expression were previously reported in areas of wound healing, cancer development and cardiovascular disease, where the level of expression appears to be a reliable biomarker of disease progression and poor patient prognosis (18) . Emerging evidence (6) has highlighted a number of novel roles for TNC in cardiovascular disease.
Although a previous study indicated that the OX40/OX40L pathway is crucial in atherosclerosis (19) , the precise function of the OX40L system in ACS has not been fully elucidated. The present study demonstrated that the OX40L expression levels were increased in patients with ACS. The regression analysis indicated that the serum levels of TNC, which degrades the connective tissue matrix protein, ultimately resulting in plaque rupture and the development of ACS, were significantly associated with the levels of OX40L. These findings suggested that TNC and OX40L expression in patients with ACS may Figure 1 . Correlation between the levels of serum TNC and plasma OX40L in patients with (A) acute coronary syndrome (n=120) and (B) stable angina (n=50). TNC, tenascin-C; OX40L, OX40 ligand. affect the development of atherosclerosis and the instability of atherosclerotic plaques. However, further studies are required to verify these findings. Compared to patients with SA, those with UA and AMI exhibited a higher number of complex coronary lesions (20) . In our study population, complex coronary stenosis morphology was found in ~68% of the patients with UA, 60% of the patients with MI and ~24% of the patients with chronic SA. A positive correlation between TNC and OX40L expression and the number of complex lesions was observed in patients with ACS. However, in SA patients, such a correlation was not observed. Therefore, our findings suggest that the increased expression of serum TNC and plasma OX40L in patients with ACS may be a marker of immune activation and may also be involved in the underlying pathogenic processes. The interruption of the OX40-OX40L interaction was shown to ameliorate several autoimmune-like diseases (21, 22) , indicating that the downregulation of the OX40-OX40L interaction and TNC and OX40L expression may represent a novel therapeutic approach for patients with ACS. However, the results of this study should be interpreted with caution, due to the relatively limited patient sample. In addition, coronary angiography has certain limitations compared to angioscopy and intravascular ultrasound and further investigation is required to clarify its role in ACS.
In conclusion, our results suggest that the concentrations of serum TNC and plasma OX40L may be of value as clinical markers of the severity of CAD and the downregulation of TNC and OX40L expression may represent a novel therapeutic approach for patients with ACS. However, the precise mechanisms underlying the involvement of TNC and OX40L in ACS have not been fully elucidated. Further investigation is required to determine whether TNC and OX40L may be used as biomarkers in the clinical setting to guide intervention strategies in patients with CAD, or serve as markers under emergency conditions to diagnose ACS more efficiently.
